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TITLE 



METHOD AND APPARATUS FOR VEHICLE ROLLOVER MITIGATION 



BACKGROUND OF THE INVENTION 



[0001] 



The present invention relates in general to a method for estimating the 



propensity of a vehicle to rollover, and more specifically, to a method for detecting an 
approach to a rollover event of a vehicle and providing a corrective action to reduce 
the likelihood of an actual rollover. 



vehicle from actually rolling over. Vehicle rollovers have become a growing concern 
for vehicles with a high center of gravity and especially those used for multiple 
purposes in different geographical locations. A vehicle may have the potential to 
rollover due to forces exerted on the vehicle under different types of operating 
conditions. Methods have been used to anticipate when the vehicle has the propensity 
to rollover and to make adjustments to counteract vehicles having that propensity from 
rolling over. 

[0003] A rollover event, as used in this application, is defined as a moment when 
current vehicle operating conditions (e.g., speed, steering angle, lateral acceleration, 
etc.) approach a threshold where the rollover could actually occur. Typically, stability 
control systems detect or estimate the propensity for a rollover event to occur by 
measuring a roll angle or a roll rate. This requires a dedicated sensor for determining 
the roll angle at each instance the vehicle is in travel. Sensors are costly and require 
dedicated wiring and packaging locations. Vehicle manufacturers are consistently 
looking for reliable methods which can obtain the same results yet cost less and 
minimize the number of components on the vehicle. 

[0004] It is also known to use differential braking to induce understeer and limit lateral 
acceleration. Such methods include electronic stability control and active roll 
management. These systems typically detect critical lateral acceleration, wheel lift 
detection, vehicle roll rate (roll angle), and roll energy. Suspension based systems use 
active roll control and active damper controls. Steering based systems typically use 



[0002] 



Dynamic stability control systems have been implemented in vehicles to deter a 
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active front steer (steering angle overlay) and four wheel steering (active rear steer) to 
control tire lift from occurring. Each of these methods typically use vehicle inertial 
based sensors. 

[0005] Another method for detecting a rollover event of a vehicle and providing a 

corrective action to reduce the likelihood of an actual rollover is described in pending 
U.S. Patent Application Serial Number 10/719,968 filed November 21, 2003 
(hereinafter referred to as the '968 application), the disclosures of which are 
incorporated herein by reference. The invention disclosed provides a method for 
detecting a rollover event of a vehicle and providing a corrective action to counteract 
an actual rollover by using lateral kinetic energy and lateral acceleration of the vehicle 
to detect the rollover propensity. In one aspect of the invention, a method is provided 
for detecting a rollover propensity of a vehicle. A lateral kinetic energy of the vehicle 
is determined in response to vehicle longitudinal velocity and vehicle side slip angle. 
A lateral acceleration of the vehicle is then measured. A rollover potentiality index is 
determined in response to the lateral kinetic energy and the lateral acceleration. A 
rollover index is determined by weighting the rollover potentiality index by a factor of 
the lateral acceleration. A comparison is made to determine if the rollover index is 
above a predetermined threshold. 

[0006] Various objects and advantages of this invention will become apparent to those 
skilled in the art from the following detailed description of the preferred embodiment, 
when read in light of the accompanying drawings. 

SUMMARY OF THE INVENTION 
[0007] The present invention provides a method for detecting a rollover event of a 

» 

vehicle and providing a corrective action to counteract an actual rollover based on 
lateral kinetic energy and lateral acceleration of the vehicle. 
[0008] In one aspect of the invention, a method is provided for detecting a rollover 

event of a vehicle. A lateral kinetic energy of the vehicle is determined in response to 
vehicle longitudinal velocity and vehicle side slip angle. A lateral acceleration of the 
vehicle is measured. A rollover potentiality index is determined in response to the 
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lateral kinetic energy and the lateral acceleration. A rollover index is determined by 
weighting the rollover potentiality index by a factor of the lateral acceleration and by a 
factor of tire normal forces. A comparison is made to determine if the rollover index 
is above a predetermined threshold. 
[0009] Various objects and advantages of this invention will become apparent to those 
skilled in the art from the following detailed description of the preferred embodiment, 
when read in light of the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0001 0] Fig. 1 illustrates a block diagram of a rollover sensing system for determining a 

rollover event and counteracting an actual rollover. 
[0001 1 ] Fig. 2 illustrates a front view of a vehicle with illustrates a center of gravity 

sprung mass having a gravitational and lateral force exerted on the vehicle. 
[00012] Fig. 3 illustrates the front view of the vehicle with the vehicle in a condition of 

imminent threat of rollover. 
[00013] Fig. 4 illustrates a vehicle tire having an in-wheel tire sensing mechanism. 
[00014] Fig. 5 illustrates a graph displaying vehicle states during a rapid steering 

maneuver. 

* 

[0001 5] Fig. 6 illustrates a graph displaying a comparison of tire normal forces on 
vehicle tires. 

[00016] Fig. 7 illustrates a method for estimating the propensity of a vehicle to rollover. 
[00017] Fig. 8 illustrates a method for detecting a rollover event and providing 
corrective actions to avoid an actual rollover. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

[000 1 8] The method for estimating a propensity of a vehicle to rollover, according to 
the '968 application, includes the steps of determining a lateral kinetic energy of the 
vehicle in response to vehicle longitudinal velocity and vehicle side slip angle, 
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measuring a lateral acceleration of the vehicle, and determining a rollover potentiality 
index in response to the lateral kinetic energy and the lateral acceleration. 

[00019] The method according to the present invention adds an additional factor that 
allows for better estimation of the potential for a wheel lift event thereby allowing for 
actuation of a control adjustment to be made earlier. Utilizing sensed tire information 
in conjunction with determining the lateral kinetic energy of the vehicle enables a 
more robust control algorithm to be designed. Also, using tire information provides a 
better response in a vehicle that is lightly damped (or has significantly worn dampers) 
as inertial sensors might not correctly identify wheel lift and could actuate the vehicle 
brakes in a manner that causes the vehicle to roll over. For example, the vehicle body 
of a lightly damped vehicle could be out of phase with the suspension (and thus the 
sensor information) thereby creating a response in the control system that can 
contradict actual behavior of the vehicle. Implementation of the rollover mitigation 
strategy according to the present invention can include a standard vehicle stability 
control system using vehicle roll rate and lateral acceleration, enhanced electronic 
steering control using additional sensor information, and enhanced roll mitigation 
functionality utilizing additional sensor information. It is anticipated that a calculated 
vehicle roll index and electronic steering control will have a more precise response 
when using the additional sensor information according to the present invention. 

[00020] Referring now to the drawings and particularly to Fig. 1 , there is shown a block 
diagram of a rollover sensing system for determining a rollover event and providing 
control actions to reduce the likelihood of an actual rollover. A controller 12 is 
coupled to a plurality of sensing devices located throughout a vehicle 10 (shown in 
Fig. 2) for monitoring vehicle operating parameters. The controller 12 receives signals 
from the plurality of sensing devices concerning the vehicle operating parameters for 
determining when the vehicle 10 is in a condition to potentially rollover and to provide 
a control action to counteract an anticipated rollover. A plurality of sensors comprises 
a yaw rate sensor 14 for sensing a yaw rate of the vehicle 10, a wheel sensor 16 for 
sensing a speed of the vehicle 10, a lateral acceleration sensor 18 for sensing a lateral 
acceleration (a>7n) 38 of the vehicle 10, and a steering wheel sensor 20 for sensing a 
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steering wheel angle of the vehicle 10. A vehicle specific dynamic model 22 is stored 
in the controller's memory, or alternatively, in a separate memory storage device for 
providing specific vehicle characteristics when determining the occurrence of a 
rollover event. 

[00021] After the vehicle operating parameter data is retrieved from the plurality of 
sensors, the controller determines a lateral kinetic energy 24 of the vehicle 10. The 
kinetic energy 24 and the lateral acceleration (ay/??) 38 are used to determine a rollover 
potentiality index (Oo) 26. A rollover index (<I>) 28 is thereafter determined by 
weighting the rollover potentiality index (O 0 ) 26. If the controller 12 determines 
rollover index (G>) 28 to be at a critical stage where an actual rollover may occur if the 
current vehicle operating parameters are maintained, then the controller 12 detects a 
rollover event and provides a control signal for taking a corrective action to counteract 
an actual rollover. The controller 12 provides a signal to a specific device or 
secondary controller for providing at least one control action to counteract the actual 
rollover. Control actions may comprise an engine torque reduction such as a change in 
the engine output 25 or an actuation of the brakes 27, a steering wheel angle 
adjustment 29, or a suspension adjustment 31. In a preferred embodiment, a tire load 
sensing mechanism 100 is included as one of the sensors included for determining a 
factor added to a rollover index (O) 28. The tire load sensing mechanism 100 and the 
implementation thereof will be described in greater detail below. 

[00022] Fig. 2 shows a vehicle 10 having a sprung mass high center of gravity C.G. 32 
such as a van or a sport utility vehicle. A y-axis 34 and a z-axis 36 represent 
directional planes of a vehicle sprung mass C.G. 32 while traveling along a road. The 
set of axes are fixed to the vehicle spring mass C.G. 32 and rotate with the vehicle 
spring mass C.G. 32. The vehicle 10 has a lateral acceleration (aym) 38 that is a vector 
force exerted by the vehicle 10 along the y-axis 34. The lateral acceleration (ayw) 38 
is measured by an accelerometer attached to the vehicle sprung mass C.G. and based 
partly on vehicle acceleration and partly on gravity. A force exerted along the Z-axis 
36 is a gravitational force 30 represented by: 
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gcos(cp) 

where g is a gravitational constant and <p is a roll angle of the vehicle sprung mass 
C.G. 12 relating to the lateral acceleration (aym) 38 and/or if present the super 
elevation angle of the road surface. The vehicle 10 while driving on a flat surface 
having a 0° roll angle would have a gravitational force 30 equal to the gravitational 
constant (g) since the cos 0°= 1. A nominal height (h) is measured from the road to 
the vehicle sprung mass C.G. 12 while the half track width (d) represents the width 
from a tire outside edge to the vehicle sprung mass C.G 12. Nominal height (h) and 
halftrack width (d) are stored in memory as part of the vehicle specific dynamic 
model 22. 

[00023] Fig. 3 represents the vehicle 10 having a first pair of wheels on a first side of 
the vehicle 10 in contact with the road surface and a second pair of wheels elevated 
from the road surface while the vehicle 10 is tilted from the horizontal by an angle 9. 
A net gravitational force 31 acting on the vehicle sprung mass C.G. 12 while in the 
tilted position is represented by the following formula: 

g cos(<p)/cos(0) 

A set of reconfigured coordinate axes are shown relating to the tilted vehicle 10. A 
z'-axis 26 is parallel to the net gravitational force acting on the vehicle sprung mass 
C.G. 12 while a y'-axis 35 of the lateral acceleration (aym) 38 is always equal to zero. 

[00024] A minimum amount of potential energy required for an actual roll over is the 
net gravitational force times the differential in height between the nominal height in a 
static condition and the ultimate height of the vehicle sprung mass C.G. 32 at the verge 
of rollover defined by the formula: 
(g cos q>/ cos 0) * Ah 
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If (h) is defined as the nominal height of the vehicle sprung mass C.G. 12 while all 
wheels are in contact with the road surface (as shown in Fig. 2), then a current height 
of the vehicle sprung mass C.G. 12 may be defined by the formula: 

d sin (0) + h cos (6), 

and the ultimate height of vehicle sprung mass C.G. 12 when the vehicle 10 is at the 
verge of the actual roll over is defined by the formula: 



Therefore, the height change (Ah) of the vehicle sprung mass C.G. 12 required for roll 
over is defined by the formula: 



Since the lateral kinetic energy of the vehicle 10 can be converted to potential energy 
very quickly through a rolling motion, the vehicle 10 has a potential to roll over at any 
time if the lateral kinetic energy is greater than or equal to the minimum amount of 
potential energy required for actual rollover. The lateral kinetic energy is defined by 
the formula: 



4d T Th 2 



Ah = 4d 2 +h 2 -(d sinO + h cosd ) 



which leads to 



Ah=yld 2 + h 2 - 



da vm +hgcos<p 
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where Vy is the vehicle's lateral velocity, therefore 



L v > >£££££ Ah 

2 y cosd 



which leads to 



^V y 2 >^g 2 cos 2 <p + a 2 m Ah 



which leads to 



- V 2 > Jg 2 cos 2 tp + a 2 ym yld 2 +h 2 -(da ym +hg cosy) 



The lateral velocity (V y ) can be calculated from longitudinal velocity (V x ) and vehicle 
side slip angle (P) as: 



V V =VB 



The longitudinal velocity (V x ) is the velocity of the vehicle 10 traveling along the road 
and is measured by wheel speed sensors. The vehicle side slip angle ((5) is determined 
by the controller monitoring the yaw rate, the lateral acceleration (aym) 38, the 
steering wheel angle, and a specific vehicle dynamic model of the vehicle 10. 
[00025] A rollover potentiality index (O 0 ) 26 is determined from the difference between 
the vehicle lateral kinetic energy and the minimum potential energy required for 
rollover. The rollover potentiality index (<D 0 ) 26 is defined by the following formula: 



*• = |K P\ 2 -^g 2 +"lJd 2 +h 7 +da ym +hg 
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[00026] In determining the rollover potentiality index (<P 0 ) 26 from the above inequality 
condition, cos <p is neglected. The objective of the rollover algorithm applied by the 
controller is to detect the rollover event. The rollover event is defined as a condition 
where corrective action is taken to counteract an actual rollover. This requires that the 
rollover event is identified prior to the rollover angle becoming excessive resulting in 
the actual rollover. In determining whether omitting the roll angle from the inequality 
equation results in a significant error, a roll angle cp of 25 degrees is factored into the 
above inequality equation where cos (25°) is equal to 0.9. The effect of neglecting cos 
(p on the rollover potentiality index (<P 0 ) 26 using (p equal to 25 degrees is less than 
0.4% of the rollover potentiality index (O 0 ) 26. The error of 0.4% is less than the 
uncertainties of the vehicle parameters and the estimated vehicle side slip angle, and 
therefore, the roll angle (p may be neglected when determining the rollover potentiality 
index (O 0 ) 26. 

[00027] When the rollover potentiality index (<J> 0 ) 26 is positive, the vehicle 10 has a 
potential to rollover. The potential to rollover increases with an increasing rollover 
potentiality index (O 0 ) 26. However, a large rollover potentiality index (O 0 ) 26 alone 
does not necessarily indicate that the vehicle 10 will rollover. The large kinetic energy 
needs to be converted to potential energy. This typically occurs when the vehicle 10 
hits a high mu surface or a bump after a large side slip typically on a low mu surface. 
When the vehicle 10 hits a high mu surface, the lateral acceleration (aym) 38 of the 
vehicle 10 increases very rapidly. In the preferred embodiment, the measured lateral 
acceleration (ayrci) 38 needs to be more than 80% of statically critical lateral 
acceleration for roll over to occur. However, in other preferred embodiments, the 
measured lateral acceleration (aym) 38 may be any variable less than 100% of the 
statically critical lateral acceleration for roll over to occur for a respective vehicle. A 
statically critical lateral acceleration is defined as an acceleration required to make the 
vehicle 1 0 rollover on a flat surface which is represented by the formula: 

(d/h) *g 
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In determining a rollover index (<E>) 28 from the measured lateral acceleration (aym) 38 
. and the statically critical lateral acceleration, the rollover index (O) 28 is defined by 
the following formula: 

****** (\"yj~gx0.8 > 0) 

[00028] The rollover index (0>) 28 is the rollover potentiality index (0> 0 ) 26 weighted by 
the measured acceleration less the statically critical lateral acceleration. When the 
absolute value of the measured lateral acceleration (aym) 38 is less then 80% of the 
critical acceleration, the index is zero and the potential for an actual rollover is not 
present. When the rollover index (O) 28 yields a positive number, the rollover index 
(O) 28 will be compared against a predetermined threshold. If the rollover index (O) 
28 is above the predetermined threshold, then the controller 12 will provide a signal to 
take a control action to counteract the vehicle 10 from rolling over. 

[00029] In the '968 application, there are illustrated several graphs depicting tire normal 
forces, a calculated rollover index, and vehicle states during a slowly increasing 
steering wheel angle maneuver (See Figs. 4-6). Also shown are several graphs 
depicting tire normal forces, a calculated roll index, and vehicle states during a rapid 
steering maneuver (See Figs. 7-9). The assorted graphs depict how a vehicle responds 
over time during the described maneuvers. It is anticipated that there would be a 
similar vehicle response under those same maneuvers for the purposes of determining 
the potential of a vehicle to have a rollover event in a vehicle that does not implement 
the vehicle rollover mitigation strategy according to the present invention. However, a 
vehicle implementing the rollover mitigation strategy according to the present 
invention will have a different response when the mitigation strategy is implemented, 
as will be described below. 

[00030] In the preferred embodiment, tire force sensor information is factored into the 
rollover index (<D) 28 equation. There is illustrated in Fig. 4 a vehicle tire 102 that is 
under a load that could be caused by a lateral acceleration and other dynamic vehicle 
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factors, such as those described above. The illustrated vehicle tire 102 includes a tire 
load sensing mechanism 100. The tire load sensing mechanism 100 can be any 
suitable sensing mechanism that is capable of estimating or measuring a tire force. 
One method of quantifying this force can be by measuring the length, L, of a contact 
patch 104 of the tire 102, and measuring changes to the contact patch 104 length. A 
contact patch 104 can be defined as the surface of the tire 102 that is in contact with 
the ground surface. One example of a sensor that can be used with the present 
invention is described in pending U.S. Patent Application Serial Number 10/678,537 
filed October 3, 2003, the disclosures of which are incorporated herein by reference 
(hereinafter the ! 537 application). As described therein, the approach used in the f 537 
application for the detection of the deflection region of a loaded tire is to sense the 
acceleration of the rotating tire by means of the accelerometer 106 of the detector 
mounted on the tire 102. The accelerometer 106 can be used to measure both or either 
radial and tangential acceleration. The detector is preferably positioned on the interior 
surface of the tire 102 and more preferably on the inner tread lining of the tire 102. As 
the tire 102 rotates and the accelerometer 106 is off the flat deflection region, a high 
centripetal acceleration is sensed. Conversely, when the accelerometer is on the flat 
deflection region and not rotating, a low acceleration is sensed. The deflection points 
are determined at the points where the acceleration transitions between the high and 
low values, thereby defining the length, L, of the contact patch 104. It should be 
appreciated that any other method and mechanism for detecting the contact patch 104 
length can be used without departing from the scope of the present invention. 
Particularly, the length, L, of the contact patch 104 can be quantified by a pressure 
sensing mechanism, temperature sensing mechanism or any combination of these 
sensing mechanisms. It is preferred that a tire load sensing mechanism 1 00 is used 
with respect to each vehicle tire 102. That way, the tire load, and differences between 
tire loads at each position where the vehicle is in contact with the ground surface, can 
be more accurately detected. It should also be appreciated that any other force sensing 
mechanism (or contact patch measuring system) can also be used with the present 
invention to supply the desired tire load information. 
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[0003 1 ] The use of tire load being added to the rollover index (O) 28 described above is 
to increase the performance and response of the rollover mitigation strategy in several 
areas. Particularly, there can be an increased detection of shifts to the vehicle center 
of gravity that can be due to loading variations in the vehicle. Additionally, an 
efficiency can be achieved by utilizing a similar control program for various vehicle 
types, since the tire load factor will automatically tailor the vehicle response to the 
particular loading characteristics of the vehicles in which the tire load sensing 
mechanism 100 is installed. A tire load sensing mechanism 100 also provides the 
advantages of constantly monitoring, measuring, and adjusting to road surface 
conditions. Similarly, the tire load sensing mechanism 100 can adjust the overall 
system response due to the tire size and tire type that is installed on the vehicle. 
Another advantage gained by using a tire load sensing mechanism 1 00 to determine 
the rollover index (O) 28 is that each tire 102 would be affected by actuation and 
brake load variation during operation of the vehicle. Thus, a rollover index (O) 28 
that includes tire load sensing can adjust for those continuously changing factors on 
each of the tires while detecting a rollover event. 

[00032] As implemented, the tire load sensing mechanism 100 preferably determines 
the measured tire normal load. It can be appreciated that the tire load could also be 
implicitly estimated from a tire based measurement. A function of the sensed tire load 
is added to the rollover index (O) 28. The additional factor of the sensed tire load 
provides a further control lead for identifying a wheel lift condition. That is, the tire 
load factor information allows the controller to determine more quickly, and more in 
advance of, a wheel lift condition. The force implementation function is adapted so 
that the measured force values are processed so that the overall rollover index (G>) 28 
causes a control action with a larger command and greater phase lead. This allows the 
control actuation to occur at a more precise time. 

[00033] In Fig. 5 there is illustrated a graph depicting vehicle states during a rapid 
steering maneuver. However, contrary to the graphs described above from the '968 
application, in Fig. 5 one of the vehicle responses is shown being based on the 
implementation of the rollover mitigation strategy according to the present invention. 
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The steering wheel angle is represented by line 1 10. The rapid steering maneuver is 
indicative of the vehicle 10 making a sharp turn to the left (which causes an increase 
in the normal force on the right side tires and causes wheel lift on the left side tires) 
and then making a sharp turn to the right (which causes an increase in the normal force 
on the left side tires and causes wheel lift on the right side tires). A change in steering 
wheel angle 1 1 0 would cause a vehicle maneuver, or turn, known in the art as a "fish 
hook 1 ' to occur. Also in Fig. 5 there is illustrated a tire brake pressure applied to a left 
front tire and a right front tire of a vehicle 10 represented by lines 112 and 1 14, 
respectively. Also shown is a rollover index that is determined using a rollover 
mitigation strategy that implements data from inertial sensors (active rollover 
management - ARM). This rollover index is represented by line 1 16. The graph of 
the rollover index 1 16 in Fig. 5 indicates that a control action occurs at a point 
between 0.5 seconds and 1.0 seconds. The rollover index increases to a point between 
0 and 10 units. When the steering wheel angle 1 10 is redirected from the left to the 
right, the rollover index 1 16 returns to approximately zero. When the steering wheel 
angle 1 10 again approaches a maximum level, the rollover index 1 16 again increases 
to a slightly greater point between 0 and 10 units before returning to about zero. 
[00034] The applied brake pressure on a left front tire and a right front tire of the 
vehicle 10 are also represented in Fig. 5 and are indicated by lines 1 1 8 and 120, 
respectively, using the tire force sensors according to the present invention and that 
were described above. A calculated rollover index is also illustrated in Fig. 5 by line 
122. The graph of the rollover index 122 in Fig. 5 indicates that a control action 
occurs at approximately 0.5 seconds. Therefore, it is clearly shown that the rollover 
index 122 begins to increase at a time that is earlier than the rollover index 116 
described above. As can also be seen, the rollover index 122 has a greater magnitude 
and reaches an apex 124 more quickly than the rollover index 116 that only uses 
inertial sensors. Thus, a controller 12 can take a control action to prevent a rollover 
event from occurring more effectively. The rollover index increases to a point 
between 20 and 30 units. When the steering wheel angle 1 10 is redirected from the 
left to the right, the rollover index 122 returns to a point above zero, thereby remaining 

■ 
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more responsive to any forces acting on the vehicle tires, whereas the rollover index 
1 16 returns to almost zero. When the steering wheel angle 110 approaches its 
maximum level in the opposite direction, the rollover index 122 again increases to a 
point between 20 and 30 units before returning to about zero. It can be seen again that 
the rollover index 122 responds at a point earlier than that of the rollover index 116. 
Additionally, it can further be seen that the rollover index 122 remains active longer 
than the rollover index 1 16 thereby remaining more responsive to the state of the 
vehicle. This is further illustrated by line 118 which indicates that a braking pressure 
is continued to be applied to the left front tire in a greater amount and for a longer 
duration than that being applied to the left front tire (braking pressure 112) under an 
active rollover management scheme. 
[00035] There is illustrated in Fig. 6 a graph showing vehicle tire normal loads on four 
tires of a vehicle during a vehicle maneuver, such as was described above. A 
representation of the tire loads is shown for a vehicle using an active rollover 
management (ARM) strategy, as well as for a vehicle implementing the rollover 
mitigation strategy according to the present invention. In Fig. 6, the ARM tire normal 
loads are indicated as follows: left front tire 126, right front tire 128, left rear tire 130, 
and right rear tire 1 32. The tire normal loads experienced in a vehicle using the 
rollover mitigation strategy according to the present invention are also represented in 
Fig. 6 and are indicated as follows: left front tire 134, right front tire 136, left rear tire 
138, and right rear tire 140. During a vehicle maneuver such as was described above 
with respect to Fig. 5, the tire loading would be substantially as shown in Fig. 6. What 
the graph of Fig. 6 shows is that as the vehicle initially turns to the left, the tire normal 
loads on the left side tires decrease and the loads on the right side tires increase. As 
the vehicle subsequently turns to the right, the tire normal loads on the right side tires 
decrease and the loads on the left side tires increase. As shown in Fig. 6, the initial 
tire normal loads indicate that a front end of the vehicle is loaded at approximately 
7,500 Newton and a rear end of the vehicle is loaded at approximately 4,500 Newton. 
As the vehicle moves through the maneuver as shown in Fig. 5, and as the rollover 
index increases to a point where there is a higher potentiality for a rollover, the 
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rollover mitigation scheme according to the present invention maintains a greater tire 
normal load than does the ARM scheme. With a greater tire normal load maintained, 
on the tires, there is a greater amount of vehicle control that can be maintained. That 
is, the tires have greater contact with the surface of travel when there is a higher tire 
normal load. As is illustrated in Fig. 6, the mitigation scheme according to the present 
invention utilizes the control actuation to return the tires more closely to their initial 
normal loads and more quickly than the ARM scheme. 

[00036] Figure 7 illustrates a method for estimating a propensity of a vehicle 10 to 
rollover. In step 50, the lateral acceleration is measured using a sensor such as an 
accelerometer. In step 52, the lateral kinetic energy of the vehicle is determined. The 
lateral kinetic energy is derived from the vehicle longitudinal velocity and the vehicle 
side slip angle. The vehicle longitudinal velocity is the speed of the vehicle 10 
traveling along the road and may be measured from a vehicle wheel in contact with the 
surface of the road. The vehicle side slip angle is determined by the controller in 
response to retrieved from a plurality of sensing devices throughout the vehicle for 
providing data on the yaw rate, the steering wheel angle, the lateral acceleration, and 
data from a dynamic model of the vehicle. In step 54, the rollover potentiality index is 
determined in response to the data derived in step 50 and 52. The rollover potentiality 
index provides the difference between the lateral kinetic energy and the minimum 
potential energy required for rollover. 

[00037] Figure 8 illustrates a method for estimating a rollover event of a vehicle where 
the rollover event is defined as a moment when a corrective action is taken to 
counteract an actual rollover. In step 60, the lateral kinetic energy of the vehicle is 
determined from the vehicle longitudinal velocity and the vehicle side slip angle. In 
step 62, the lateral acceleration is measured from a sensing device such as an 
accelerometer. A rollover potentiality index is then determined from the lateral kinetic 
energy and the lateral acceleration in step 64. The rollover potentiality index provides 
the difference between the lateral kinetic energy and the minimum potential energy 
required for rollover. In step 66, a rollover index is determined by weighting the 
rollover potentiality index by a factor of the lateral acceleration. The weighting factor 
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is derived from a difference in the measured lateral acceleration less a percentage of 
the statically critical lateral acceleration required for rollover to occur. In step 67, the 
potentiality rollover index is weighted by a factor of the tire load. The factor is a 
function of the tire load as described above. In step 68, the rollover index is compared 
to a predetermined threshold. In step 70, a determination is made whether the rollover 
index is greater than the predetermined threshold. If a determination is made that the 
rollover index is less than the predetermined threshold, a return is made to step 60 to 
retrieve data regarding operating parameters to determine if changes have occurred to 
the kinetic energy and lateral acceleration of the vehicle. If a determination is made is 
step 70 that the rollover index is greater than or equal to the predetermined threshold, 
the controller activates a control action for changing at least one of the operating 
parameters for counteracting the anticipated rollover in step 72. 
[00038] The principle and mode of operation of this invention has been explained and 
illustrated in its preferred embodiment. However, it must be understood that this 
invention may be practiced otherwise than as specifically explained and illustrated 
without departing from its spirit or scope. 
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